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(57) The objective of the present invention is to provide a high-purity trisazo compound with excellent light resist- 
ance that is useful as a coloring matter for a black aqueous ink for ink jet recording and the like. Thus, the present 
invention provides a trisazo compound represented by the formula: 




a2 

N=N— B— N=N— Nps— N=N — \^J^ ^'^ 



wherein A'' is a group represented by the formula -COOiVI or -SO3M, is a hydrogen atom or a group represented 
by the formula -COOIVI or -SO3M, M is each independently a hydrogen atom, or onium, R is each independently a 
hydrogen atom, an alky! group, an alkoxy group and the like, B is a residue of K acid, Nps is a residue of y acid, J acid, 
or RR acid. 
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Description 



[0001] The present invention relates to atrisazo compound useful as a coloring matter for an aqueous ink for writing 
materials or for an aqueous ink for ink jet recording. 

5 [0002] In the field of Inkjet printing, there is a constant demand for highspeed and highly accurate printing. The level 
of the demand are becoming higher and higher. For example, high fastness such as light resistance and water resist- 
ance of printed materials, long-term stability of Ink performance, safety and high-quality printing on various types of 
paper typified by plane paper and the like have recently been required. While the qualities that printed materials are 
required are becoming higher, the conventional dyes used as coloring matters of inks are unsatisfactory in density of 

10 printed materials and fastness with respect to water resistance and light resistance thereof, and are poor In long-term 
stability of ink. Thus, the conventional dyes have been becoming very difficult to simultaneously satisfy the many 
required qualities. 

[0003] Under these circumstances, there are many attempts to satisfy the demands for density, water resistance 
and light resistance of printed materials by using pigments as coloring matters of printing inks. However, pigments 
15 have still not reached the levels of the dyes in print qualities and have problems with respect to long-term stability with 
time as ink. Therefore, pigments have not satisfied the demands sufficiently. 

[0004] Further, pigments result In high cost because they require highly developed manufacturing techniques for the 
improvement In their physical and chemical properties such as disperslbility, stability with time and print density; pig- 
ments have disadvantage for providing low-cost products. Therefore, in the field of ink for Inkjet, there is a particularly 
20 strong demand for dyes excellent in fastness with respect to density, water resistance and light resistance of printed 
materials. 

[0005] In Japanese Patent Laid-Open Publication No. 2000-309721 , a dye shown below is proposed that yields a 
recorded Image of high density and of high toughness when printing is conducted on plain paper and that provides an 
ink stable for a long term. 



wherein X represents a carboxyl group, a sulfo group or a hydrogen atom, 1 and m each independently represent 0 
35 or 1 and satisfy 1 +m=1 , q represents 0 or 1 , Z represents a hydrogen atom or a phenyl group that may be substituted 
with a carboxyl group or a sulfo group, provided that when q is 0, Z represents a phenyl group that may be substituted 
with a carboxyl group or a sulfo group. 

[0006] The dyes disclosed in this publication show improvements In print density, light resistance and the like 
achieved by complicating functional groups of disazo dyes disclosed in Japanese Patent Laid-Open Publication No. 
40 H5(1 993)-262998, etc. However, it is difficult for general synthetic methods by using y acid (2-amino-8-naphthol-6-sul- 
fonlc acid) as a final coupling component to provide high purity. 

[0007] The reason for this is that a derivative of y acid intrinsically has a plurality of sites where the coupling reaction 
may take place (Chemistry of Synthetic Dyes, p. 154, published by Maki Shoten Co., Ltd.) and therefore, a single 
compound cannot be produced experimentally under alkaline condition through coupling with a diazonium salt made 

45 from a monoazo compound. 

[0008] A dye generally contains a great large variety of impurities other than its main component and it is often difficult 
to analyze each of the impurity and to investigate its interaction with other components. However, as the amounts of 
the impurities increase, the probability that they interact mutually increases. The increase in the probability will appear 
as a degree of degradation, that is, as deterioration in storage stability or toughness such as light resistance when it 

50 is formulated into an Ink. 

[0009] There are few dyes that have a structure similar to that of the trisazo compound of the present Invention. For 
example, the dyes having structure of H acid (1-amino-8-naphthol-3,6-disulfonic acid) are known widely. Examples of 
the known compounds include Naphthol Blue Black of the structure shown below. 



25 




PCH3 



30 
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OH NH2 




NO2 



[0010] However, when an ink for ink jet recording is prepared by using only tiiis disazo dye, optical density of the 
recorded innage beconnes insufficient, hue thereof also beconnes unsatisfactory as a black ink, and its light resistance 
nor water resistance is not in the level for actual use. 
Further the ink has a problem in dissolution stability of the dye. 

[0011] In Japanese Patent Exannined Publication No. S61(1986)-18590, a tetrakisazo dye of the structure shown 
below is used in a recording nnedium solution. However, it is, In general, difficult to obtain this kind of tetrakisazo dye 
as a high-purity product. 




IMaO^S 



NHo OH NaOgS 




N=N 




SOgNa 



\ ^NH, 



[001 2] The objective of the present invention is to provide a high-purity trisazo compound with excellent light resist- 
ance that is useful as a coloring matter for a black aqueous ink for ink jet recording and the like. 
[0013] Thus, the present invention provides a trisazo compound represented by the formula: 




a2 

-N=N— B— N=M— Nps— N=N — {.J' O 



wherein A"" is a group represented by the formula -COOM or -SO3M wherein M is each independently a hydrogen 
atom, ammonium, alkali metal, hydroxyammonium, alkylammonium or alkanolammonium, is a hydrogen atom or a 
group represented by the formula -COOM or -SO3M wherein M is the same as that described above, R is each inde- 
pendently a hydrogen atom, an alkyi group having from 1 to 6 carbon atoms, an alkoxy group having from 1 to 6 carbon 
atoms, a hydroxyl group, a sulfamoyi group, a carbamoyl group, a cyano group, an acetyl group, a sulfonic acid group, 
a carboxyl group or a halogen atom, B is a moiety represented by the formula: 




or 
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SO3M 

wherein, M is the same as that described above, Nps is a moiety represented by the formula: 



OH 



or 




wherein M Is the same as that described above; or 
the formula: 




R R 

wherein IVI, A"" , R, B and Nps are the same as thos e described above. 

[001 4] Further, the present invention also provides a water-soluble dye containing the above-mentioned trisazo com- 
pound In an amount of not less than 85% by weight, 

[0015] The water-soluble trisazo compound of the present Invention has high purity. When the compound is used as 
a dye for an aqueous blacic inic for \nk jet recording or the lil^e, the inl< has good dissolution stability and provides 
recorded images excellent in print density, light resistance and water resistance. 

Fig. 1 shows a visible absorption spectrum of trisazo compound (1); 
Fig. 2 shows a visible absorption spectrum of trisazo compound (2); 
Fig. 3 shows a visible absorption spectrum of trisazo compound (5); 
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Fig. 4 shows a visible absorption spectrum of trisazo compound (6); 

Fig. 5 shows a visible absorption spectrum of trisazo compound (8); 

Fig. 6 shows a visible absorption spectrum of trisazo compound (10); 

Fig. 7 shows a visible absorption spectrum of trisazo compound (11); 

Fig. 8 shows an HPLC chart of trisazo compound (1); 

Fig. 9 shows an HPLC chart of trisazo compound (2); 

Fig. 1 0 shows an HPLC chart of trisazo compound (5); 

Fig. 11 shows an HPLC chart of trisazo compound (6); 

Fig. 12 shows an HPLC chart of trisazo compound (8); 

Fig. 13 shows an HPLC chart of trisazo compound (10); 

Fig. 14 shows an HPLC chart of trisazo compound (11); 

Fig. 15 shows an NMR spectrum of trisazo compound (1); 

Fig. 16 shows an NMR spectrum of trisazo compound (2); 

Fig. 1 7 shows an NIVIR spectrum of trisazo compound (5); 

Fig. 18 shows an NMR spectrum of trisazo compound (10); 

Fig. 1 9 shows an HPLC chart of trisazo compound (14); 

Fig. 20 shows a visible absorption spectrum of trisazo compound (14). 

[0016] The trisazo compound (water-soluble dye) of the present invention can be produced via a diazotization-cou- 
pling process with reference to a well-known method, for example, a method described in Yutaka HOSODA, "New Dye 

Chemistry pp. 396 to 409", published by Gihodo Co., Ltd. on December 21 , 1 973. 

[001 7] For instance, the trisazo compound of the present invention can be obtained by subjecting a diazo compound 
to the coupling reaction in the order, a, b and c as shown in the following formula: 




SO3M 



(HI) 



wherein M, A"" , A^, R and Nps are the same as those described above. The synthesis procedure is described below. 
[0018] In step a, an aniline derivative (1 mol) represented by fomnula: 



H7N 



a2 



wherein A^ and R are the same as those described above, is diazotized. Examples of the substituent R include a 
carboxyl group and an alkoxy group (for example, -OCH3, and -OC2H5). Preferably A^ is on ortho position with respect 
to an amino group. As the aniline derivatives, for example, 
compounds represented by the formulae: 

HOOC 



COOH 
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H2N— <^^~^COOH 

COOH 
COOH 



HOOC 

HaN-^ /-OC2H5 





H2N^ /-OC2H5 



HOOC 



HOOC 
HOOC 



HO 

SO2NH2 



HO3S 
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can be employed. Preferred aniline derivatives are anthranilic acid and phenetidine, 

[0019] Next, the resulting diazotization product is subjected to alkaline coupling (pH=10.0 to 11.5) with a coupling 
component Nps-NH2 (1 mol). Examples of Nps-NH2 include y acid represented by the formula: 



H7N 




SO31V1 



J acid represented by the formula: 




SO3M 



and RR acid represented by the formula: 




SO3M 



[0020] A preferred coupling component is y acid. As a result, a monoazo intermediate shown below is obtained: 



H2N— Nps — N:=N ^ 



wherein A^, R and Nps are the same as those described above. 

[0021] In step b, the resulting monoazo intermediate (1 mol) is diazotized and then subjected to acidic coupling (pH 
not more than 4.0) with K acid (1 mol) represented by the formula: 
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MO3S 



OH NH2 



SO3M 



to obtain a disazo intermediate sliown below: 



OH NH2 



MO3S 




SO3M 



wherein M, A^, R and Nps are the sanne as those described above. 

[0022] In step c, an aniline derivative (1 mo!) having a carboxyl group or a sulfonic acid group on its ortho position 
is diazotized, It is desirable that the carboxyl group is converted to an ester group (e.g., -COOCH3) prior to the diazo- 
tization reaction. If the reaction is carried out in the state where a free carboxyl group rennains, yield or purity of the 
connpound nnay become poor. Examples of the aniline derivative include compounds represented by the formulae: 



COOH 



COOH 
-NH2 



CI 



COOH 
-NH2 



HgCO 



COOH 
-NH2 



HOOC 



8 
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[0023] A preferred aniline derivative is anthranilic acid. 

[0024] Subsequently, the resulting diazotlzation product Is subjected to alkaline coupling (pH=9.5 to 11 .5) with the 
above-mentioned disazo intermediate (1 mol) as a coupling component and, if an ester group is contained, the ester 
group is converted to a carboxyl group by hydrolysis, followed by desaltation and purification, to obtain the trisazo 
compound of the present invention represented by formula (III). 

[0025] Otherwise, the trisazo compound of the present invention can be obtained by subjecting a diazo compound 
to the coupling reaction in the order, a, b and c as shown in the following formula: 




SO3M 



wherein A"" , A^, R, Nps and M are the same as those described above. The compounds and conditions for the coupling 
reaction are the same as those described above in the synthesis procedure for the trisazo compound (III). 
[0026] More specifically in this instance, the trisazo compound of the present invention represented by formula (IV) 
may be produced by the synthesis procedure which comprises the steps of: 

a1) diazotizing an aniline derivative represented by the formula: 



a2 




R 



wherein, A^ and R are the same as those described above; 

a2) subjecting the resulted diazotization product to alkaline coupling with a coupling component selected from the 
group consisting of y acid, J acid and RR acid to obtain a monoazo intermediate represented by the formula: 



a2 



H2N— Nps — N=N 




wherein A^ and R are the same as those described above, and Nps is a residue of y acid, J acid, or RR acid; 
b1) diazotizing an aniline derivative having a carboxyl group or a sulfonic group on its ortho position represented 
by the formula: 
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R 



wherein A"" and R are the sanne as those described above; and 
10 b2) subjecting the resulted diazotization product to acidic coupling with K acid to obtain a nnonoazo intemnediate 

represented by the formula: 




SO3M 



wherein A"", R and M are the same as those described above; 
c1) diazotizing the monoazc intermediate resulted in step a2); and 

c2) subjecting the resulted diazotization product to all<aline coupling with the monoazo intermediate resulted in 
25 step b2). 

[0027] As described above, K acid is employed for a raw material in synthesis of the trisazo compound of the present 
invention. By using K acid, structure specific to the trisazo compound of the present invention represented by the 
formula: 

30 




SO3M 



wherein IVI, A"" and R are the same as those described above, is formed. 

[0028] The trisazo compound (dye) of the present invention obtained in such manner is a high-purity product con- 
taining very small amount of impurities and has a purity determined by H PLC (high perfomiance liquid chromatography) 
of preferably not less than about 85%, more preferably not less than 90%. 
55 [0029] Preferred examples of the trisazo compound of the present invention are shown in the form of free acids as 
follows: 



10 
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wherein is a hydrogen atom, a carboxyl group or a sulfonic group, R is each independently a hydrogen atom, an 
alkyi group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, a hydroxy! group, a sulfamoyi 
50 group, a carbamoyl group, a cyano group, an acetyl group, a sulfonic group, a carboxyl group or a halogen atom. 

[0030] Specific examples of the trisazo compou nd of the present invention in the form of free acid are shown below 
together with their maximum absorption wavelength (A-n,ax)- However, this invention is not limited thereto. 



55 
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Table 1 





Examples of trisazo compound 


3 

max 

(nm) 


(1) 

AiSr-250 


OH N(H, OH '^OCK^ ^ 


603.2 
512.4 


(2) 
AN-251 


SO3H OH HOOC^ 


608.0 


(3) 
AN-252 


SOaH OM HOOC'^ 


601.1 


(4) 
AISr-253 


SO3H 


605.2 


(5) 
AN-254 


COOH f^H2 OH 
SOsH 


60S.0 


(6) 
AN-255 


SO3H OH NH2 OH HOOC 


614.2 
507.8 


(7) 
AN-256 


COOH OH NH2 OH 
SO9H 


604.6 
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Table 2 





Examples of tiisazo compound 


^ max 

(nm) 


(8) 
AN-257 


COOH OH NH, OH HOOC 
SO3H 


597.6 




COOH OH NH, OH 




(9) 
AN-25a 


SO3H 


608.4 




COOH OH NHi OH 




(10) 
AN-259 


sOjH 


604.2 


(11) 
AN-260 


COOH OH NH, OH COOH 

S03H 


597.6 




^SOjH OH NHj OH ^Q^^v 




(12) 


SQ3M 


601.4 




COOH OH OH 




(13) 


SQ3H 


596.2 
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Table 3 





Examples of trisazo compound 


^ max 

(nm) 


(14) 
AN-261 


COOH HOOC. 
/ OH OH NHj 

SO3H 


624.4 


(15) 


HOOC 

OH NHa 

^ ( OH SO3H 

COOH 


626.0 


(16) 


COOH HOOC 
/ OH OH NH2 V=:^^ 

HOaS^^^^-^^^^ HOoS-'^-^^^^^ CI 

SO3H 


62 L2 



25 [0031] The trisazo compound of the present invention exhibits high print density and high fastness (fastness with 
respect to light resistance, water resistance and stability) when it is used as a dye for an inl< for inl< jet recording. The 
cause of this has not been fully investigated, but it is probably because the compound has a structure with a combination 
of one aromatic ring having a carboxyl group or a sulfonic group on its ortho position with respect to a diazo bond and 
another aromatic ring derived from K acid. That is, the arrangement of the functional groups makes it difficult to form 

30 impurities during the coupling synthesis sequentially carried out and, as a result, oxide or the like that will deteriorate 
toughness is not formed, and the product becomes very high in purity. 

[0032] In the present specification, although the specific examples of water-soluble groups (sulfonic groups and 
carboxyl groups) of trisazo compounds are expressed in the form of free acids, the compounds are dissolved in water 
in the form of salts together with alkali metals or amines, Examples of the alkali metals include Na, Kand Li. Examples 

35 of the amines include ammonia; hydroxylamine; alkyl-substituted amines such as methylamine, dimethylamine, tri- 
methylamine, ethylamine, diethylamine, triethylamine, propylamine, isopropylamine, dipropylamine, diisopropylamine, 
butylamine, isobutylamine, sec-butylamine, tert-butylamine, dibutylamine and allylamine; alkanolamines such as eth- 
anolamine, diethanolamine, triethanolamine, propanolamine and diethylethanolamine; and their mixtures. 
[0033] The following Examples further illustrates the present invention in detail but are not to be construed to limit 

40 the scope thereof. 



Example 1 

Synthesis example of trisazo compound (1) (AN-250) 

45 

[0034] Synthesis of monoazo intermediate: To 150 ml of water, 27.4 g (0.20 mol) of anthranilic acid was charged. 
This was dissolved by adding 20%-NaOH aqueous solution until the pH became 7.0. To the resulting solution, 42.2 g 
(0.22 mol) of a 36%-NaN03 aqueous solution was added and the temperature was lowered to 0°C by adding ice. The 
pH was thereafter adjusted to 0.8 by adding 69.0 g (0.67 mol) of 35%-HCI aqueous solution. After stirring at 4°C for 

50 50 minutes, a diazo solution was obtained. 

[0035] To 450 ml of water, on the other hand, 47,9 g (0.20 mol) of y acid was charged. This was dissolved by adding 
20%-NaOH aqueous solution until the pH became 7.0. The temperature of the solution was lowered to 0°C in a cooling 
bath. A coupling reaction was carried out by gradually adding the diazo solution prepared previously to the cooled 
solution. During the reaction, the pH of the reaction solution was regulated between 10.0 and 11 .5 by adding 20%-NaOH 

55 aqueous solution and, at the same time, the reaction temperature was held so as not to exceed 7°C. After stirring the 
reaction solution at 6°C overnight, the pH of the solution was adjusted to 3.3 by dropping 35%-HCI aqueous solution. 
The precipitate was collected by filtration to obtain the monoazo intermediate shown below (purity: 95.2% determined 
by HPLC). 



14 
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OH 



HOOC 



' "SO3H 



10 



15 



[0036] Synthesis of disazo intermediate: To 1 000 nnl of water, a press cal<e of the nnonoazo intermediate (about 0.2 
mol) was charged. This was dissolved by adding 20%-NaOH aqueous solution until the pH became 6. 1 . To the resulting 
solution, 42.2 g (0.22 mol) of 36%-NaOH aqueous solution was added and it was cooled to 15°C.ThepH was thereafter 
adjusted to 0.8 by adding 1 02.4 g (1 .0 mol) of 35%-HCI aqueous solution. After stirring at 23°C for 70 minutes, a diazo 
solution was obtained. 

[0037] To 600 ml of water, on the other hand, 68.3 g (0.20 mol) of K acid was charged. This was dissolved by adding 
sodium carbonate. A coupling reaction was carried out under acidic condition by dropping the diazo solution prepared 
previously to the solution. During the reaction, the reaction temperature was regulated so as not to exceed 6°C. After 
the addition of the diazo solution, stirring was continued for 1 hour and then additional stirring was carried out overnight 
while adjusting the pH to not more than 4.0 by dropping 1 0%-Na2CO3 aqueous solution. The precipitate was collected 
by filtration to obtain a disazo intermediate shown below (purity: 80.3% determined by HPLC). 



20 



25 



OH NH2 



HO3S 





SO3H 



[0038] Synthesis of trisazo compound: To 150 ml of water, 28.7 g (0.1 9 mol) of methyl anthranilate was added and 
then 150 g of ice was charged. Thereafter, 51 .4 g (0.50 mol) of 35%-HCI aqueous solution was added. After cooling 
30 this mixture to 0°C or lower, 40.3 g (0.21 mol) of 36%-NaN03 aqueous solution was added and it was stirred at 3°C 

for 50 minutes to obtain a diazo solution. 

[0039] Separately, a press cake of the disazo intermediate (about 0.19 mol) was charged to 1 700 ml of water this 
was dissolved by adding 20%-NaOH aqueous solution until the pH became 11.0. The temperature was lowered to 
-1 °C in a cooling bath. To the mixture, the diazo solution prepared previously was added gradually to carry out coupling. 
35 During this operation, the reaction condition was adjusted so that the pH of the reaction solution became from 8.0 to 
11 .0 by adding 20%-NaOH aqueous solution and the reaction temperature was held so as not to exceed 7°C. After 
stirring the reaction solution at 6°G overnight, 680 g of table salt was added thereto and was stirred for a short period 
of time. A precipitate was collected by filtration. 

[0040] The press cake obtained was charged to 1500 ml of water and the pH was adjusted to 12.5 or higher by 
40 adding 20%-NaOH aqueous solution and the mixture was stirred at 60°Cfor 80 minutes. When the mixture was cooled 
to 40°C, a precipitate was collected by filtration. The press cake obtained was dissolved again in a proper amount of 
water. The solution was desalted with a reverse osmosis membrane (NTR-7430 manufactured by Nippon Denko Co., 
Ltd.) and then the dye desalted solution was dried by freeze drying to obtain objective trisazo compound (1), AN-250 
(purity : 96.3% determined by HPLC, Xj^ax' 603.2 nm (in water)). 

45 



Table 4 



Analysis data 


Visible absorption spectrum 


Fig. 1 


HPLC (High-Performance Liquid Chromatography) 


Fig. 8 


NMR spectrum 


Fig. 15 



55 
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Evaluation of light resistance 
Preparation of samples for test: 
5 [0041] 



Table 5 



Trisazo connpound (dye) of the present invention 


6.0% by weight 


Glycerin 


1 0% by weight 


Diethyleneglycol monobutyl ether 


1 0% by weight 


Water 


The rennainder 



[0042] An ink, the pH of which was adjusted between 9.0 and 9.5 with ammonia, prepared using the composition 
shown above was set into an ink jet printer (EIVI-900C manufactured by Seiko Epson Corp.). A piece of paper specially 
designed for Inkjet (PM Photo Paper (Model: KA420PSK) manufactured by Seiko Epson Corp.) was printed with the 

ink, and it was used as a sample to be tested. 

[0043] Light irradiation: The sample to be tested was set to a holder. Light irradiation with a xenon fade meter was 
carried out under the following condition: 



Table 6 



Instrument used 


ATLAS Ci4000 Xenon Weather-Ometer 


Light source filter 


Borosilicate/Soda lime 


Intensity of irradiation 


36 W/m2 (300 to 400 nm) 


Chamber temperature (Temperature in chamber) 


24° C 


Chamber humidity 


55% j 



30 

[0044] Method for evaluation: The sample is taken out after each irradiation of an energy of 3000 kJ/m^, and a part 
with an optical density (CD value) of about 1 .0 is measured with a Macbeth density meter. The total amount of light 
irradiated at the time when the OD value has become 70% the original value is calculated. 
[0045] Criterion for evaluation: The amount of energy required for the OD value to decrease to 70%. 

35 

Table 7 



® 


Not less than 70,000 kJ/m^ 


o 


Not less than 40,000 kJ/m^ and less than 70,000 kJ/m^ 


A 


Not less than 10,000 kJ/m2 and less than 40,000 kJ/m2 


X 


Not more than 10,000 kJ/m^ 



[0046] Trisazo compound (dye) (1) has a solubility in water (under an ammoniacal alkaline condition) of 14%. The 
45 result of its mutagenicity test (Ames test) proved negative (1 .27 times). The results of the evaluation are shown in Table 
15. 

Example 2 

Synthesis example of trisazo compound (2) (AN -251 ) 

[0047] Trisazo compound (2) was obtained in substantially the same manner as described in Example 1 , except that 
J acid (3-amino-8-naphthol-6-sulfonic acid) was used instead of y acid used in Example 1 , and the resulting compound 
was evaluated. The results of the evaluation are shown in Table 1 5. 

55 
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Table 8 



Analysis data 


Visible absorption spectrunn 


Fig. 2 


HPLC (High- Performance Liquid Chromatography) 


Fig. 9 


NMR spectrum 


Fig. 16 



Example 3 

Synthesis example of trisazo compound (5) (AN-254) 

[0048] Trisazo compound (5) was obtained in substantially the same manner as described in Example 1 , except that 
p-phenetidine was used instead of the anthranilic acid used in Example 1, and was evaluated. The results of the 
evaluation are shown in Table 15. 

Table 9 



Analysisi data 


Visible absorption spectrum 


Fig. 3 


HPLC (High-Performance Liquid Chromatography) 


Fig. 10 


NIVIR spectrum 


Fig. 17 



Example 4 

Synthesis example of trisazo compound (6) (AN-255) 

[0049] Trisazo compound (6) was obtained in substantially the same manner as described in Example 1 , except that 
4-chloro-anthranilic acid and p-anisidine-2-sulfonic acid were used instead of the anthranilic acid and the methyl an- 
thranilate used in Example 1 respectively, and the resulting compound was evaluated. The results of the evaluation 
are shown in Table 15. 

Table 10 



Analysis data 


Visible absorption spectrum 


Fig. 4 


HPLC (High-Performance Liquid Chromatography) 


Fig. 11 



Example 5 

Synthesis example of trisazo compound (8) (AN-257) 

[0050] Trisazo compound (8) was obtained in substantially the same manner as described in Example 1 , except that 
2-aminoterephthalic acid was used instead of the methyl anthranilate used in Example 1 , and the resulting compound 
was evaluated. The results of the evaluation are shown in Table 1 5. 

Table 11 



Analysis data 


Visible absorption spectrum 


Fig. 5 


HPLC (High-Performance Liquid Chromatography) 


Fig. 12 
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Example 6 

Synthesis example of trisazo compound (10) (AN-259) 

5 [0051] Trisazo compound (10) was obtained in substantially the same manner as described in Example 1 , except 
that p-n-butylaniline was used instead of the anthranilic acid used in Example 1, and the resulting compound was 
evaluated. The results of the evaluation are shown in Table 15. 



Table 12 



Analysis data 


Visible absorption spectrum 


Fig. 6 


HPLC (High-Performance Liquid Chromatography) 


Fig. 13 


NMR spectrum 


Fig. 18 



Example 7 

Synthesis example of trisazo compound (11) (AN-260) 

20 

[0052] Trisazo compound (11) was obtained in substantially the same manner as described in Example 1 , except 
that 3-aminobenzoic acid was used instead of the anthranilic acid used in Example 1 , and the resulting compound was 
evaluated. The results of the evaluation are shown in Table 15. 



Table 13 



Analysis data 


Visible absorption spectrum 


Fig. 7 


HPLC (High-Performance Liquid Chromatography) 


Fig. 14 



30 

Example 8 

Synthesis example of trisazo compound (14) (AN-261) 

35 1 ) Synthesis of monoazo intennediate (1 ) 

[0053] To 300 ml of water, 67.95 g (0.3 mol) of methyl anthranilate was charged. To this, 150 g of ice and 123.0 g 
(1 .2 mol) of 35%-HCI aqueous solution was further added. This was cooled to 0°C, 86.25 g (0.45 mol) of 36%-NaN03 
aqueous solution was added, and stirred at 3°C for 30 minutes to obtain a diazo solution. 

40 [0054] On the other hand, 1 21 .2 g (0.3 mol) of K acid was charged to 1 000 ml of water. This was dissolved by adding 
sodium carbonate. A coupling reaction was carried out under acidic condition by dropping the diazo solution prepared 
previously to the resulting solution. During the reaction, the reaction temperature was regulated so as not to exceed 
6°C. After the addition of the diazo solution, stirring was continued for 1 hour and then additional stirring was carried 
out while adjusting the pH to 1 ,5 by dropping 10%-Na2CO3 aqueous solution. A precipitate was collected by filtration. 

45 [0055] The resulting pressed cake was charged to 1 000 ml of water, pH thereof was adjusted to not less than 12.5 
by adding 20%-NaOH aqueous solution, and the mixture was stirred for 90 minutes at 60°C. This was cooled to 40°C, 
260 g of salt was added, stirred for a while, pH thereof was adjusted to 3.3 by adding 35%-HCI aqueous solution, and 
a precipitate was collected by filtration to obtain the monoazo intennediate as shown below (purity: 88.4% determined 
by HPLC). 

50 



55 
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2) Synthesis of monoazo intermediate (2) 

[0056] To 300 ml of water, 41 .1 g (0.3 mol) of anthranilic acid was charged. This was dissolved by adding 20%-NaOH 
aqueous solution until the pH became 7.0. To the resulting solution, 63.3 g (0.33 mol) of a 36%-NaN03 aqueous solution 
was added and the temperature was lowered to 0°C by adding ice. The pH was thereafter adjusted to 0.8 by adding 
112.1 g (1.09 mol) of 35%-HCI aqueous solution. After stirring at3°Cfor55 minutes, a diazo solution was obtained. 
[0057] To 600 ml of water, on the other hand, 73.8 g (0.3 mol) of y acid was charged and20%-NaOH aqueous solution 
was added until the pH became 9. The temperature of the solution was lowered to 0°C in a cooling bath. A coupling 
reaction was carried out by gradually adding the diazo solution prepared previously to the cooled solution. During the 
reaction, the pH of the reaction solution was regulated between 1 0.0 and 11 .5 by adding 20%-NaOH aqueous solution 
and, at the same time, the reaction temperature was held so as not to exceed 7°C. After stirring the reaction solution 
at 10°C overnight, the pH of the solution was adjusted to 4.0 by dropping 35%-HCI aqueous solution. A precipitate 
was collected by filtration to obtain the monoazo intermediate as shown below (purity: 98.5% determined by HPLC). 



H2N 




3) Synthesis of trisazo compound 

[0058] To 1 000 ml of water, a pressed cake of the monoazo intermediate (0.1 mol) obtained by step 2) was charged. 
This was dissolved by adding 20%-NaOH aqueous solution until pH became 7.4. To the resulting solution, 23 g (0.12 

mol) of 36%-NaN03 aqueous solution was added and it was cooled to 18°C. The pH was thereafter adjusted to 0.7 
by adding 61 .4 g (0.6 mol) of 35%-HCI aqueous solution. After stirring at 20°C for 90 minutes, a diazo solution was 
obtained. 

[0059] On the other hand, a pressed cake of the monoazo intermediate (0.1 mol) was charged to 700 ml of water. 
This was dissolved by adding 20%-NaOH aqueous solution until pH became 10 and the temperatur was lowered to 
0°C in an ice bath. A coupling reaction was carried out by gradually adding the diazo solution prepared previously to 
the cooled solution. During the reaction, the pH was regulated so as to be 8.0 to 11 .0 by adding 20%-NaOH aqueous 
solution, and the reaction temperature was held so as not to exceed 7°C. After stirring the reaction solution at 12°C 
overnight, 250 g of table salt was added thereto and was stirred for a short period of time. A precipitate was collected 
by filtration. 

[0060] After the trisazo dye obtained above was dissolved in 1 200 ml of water, 35%-HCI aqueous solution was added 
so that the pH became 1 to 2, and the dye was isolated by filtration. The press cake obtained was dissolved again in 
a proper amount of water by using aqueous ammonia. The solution was desalted with a reverse osmosis membrane 
(NTR-7430 manufactured by Nitto Denko Co., Ltd.). The dye desalted solution was then dried by freeze drying to obtain 
objective trisazo compound (1 4), AN-261 (puhty : 94.4% determined by HPLC, Imax" 624.4 nm (in water)). The resulted 
trisazo compound (14) was evaluated according to the same manner as described in Example 1 . The results are shown 
in Table 15. 



Table 14 



Analysis data 


Visible absorption spectrum 


Fig. 20 


HPLC (High- Performance Liquid Chromatography) 


Fig. 19 



Comparative Example 1 

[0061] C. I. Direct Black 154 was used as dye 1 for comparison. The results of the evaluation are shown in Table 15. 
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NH2 H3C 

HO3S 



'^^^3 NH2 9H 




S03H 



Comparative Example 2 

[0062] C. I. Direct Black 1 68 was used as dye 2 for comparison. The results of the evaluation are shown in Table 15. 



NH2 



HO3S, 



NH2 OH 



H03S 



Table 15 





Example of dye (salt) 


Purity by 
HPLC (%) 


Evaluation of 
light resistance 


Example 1 


Trisazo dye (1) (NH4) 


96,3 


@ 


Example 2 


Trisazo dye (2) (NH4) 


97.6 


® 


Example 3 


Trisazo dye (5) (NH4) 


96.4 


(2) 


Example 4 


Trisazo dye (6) (NH4) 


95,6 


0 


Example 5 


Trisazo dye (8) (NH4) 


86.1 


@ 


Example 6 


Trisazo dye (10) (NH4) 


92.9 


0 


Example 7 


Trisazo dye (11) (NH4) 


84.4 


0 


Example 8 


Trisazo dye (14) (NH4) 


94.4 


® 


Comparative Example 1 


C. 1. Direct Black 154 
(NH4) 




X 


Comparative Example 2 


C. 1. Direct Black 168 
(NH4) 




A 



Claims 



1 . A trisazo compound represented by the fonnula: 




-N=N— B— N=N— Nps— N=N 



A" 
R 




(I) 



wherein is a group represented by the fonnula -COOM or -SO3M wherein M is each independently a hydrogen 
atom, ammonium, alkali metal, hydroxyammonium, alkylammonium or alkanolammonium, is a hydrogen atom 
or a group represented by the formula -COOIVI or -SO3M wherein M is the same as that described above, R is 
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each independently a hydrogen atom, an alkyi group having from 1 to 6 carbon atoms, an alkoxy group having 
from 1 to 6 carbon atoms, a hydroxyl group, asulfamoyi group, a carbamoyl group, acyano group, an acetyl group, 
a sulfonic group, a carboxyl group or a halogen atom, B is a moiety represented by the formula: 




or 




SO3M 

wherein, M is the same as that described above, Nps is a moiety represented by the formula: 



OH 





OH 




wherein M is the same as that described above. 
A trisazo compound represented by the formula; 
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MOOC 




wherein M is each independently a hydrogen atonn, ammonium, allcali metal, hydroxyammonium, allcylammonium 

or alkanolammonium, A"" is a group represented by the formula -COOM or -S03i\/1 wherein IVI is the same as that 
described above, R is each independently a hydrogen atom, an alkyi group having from 1 to 6 carbon atoms, an 
alkoxy group having from 1 to 6 carbon atoms, a hydroxyl group, a sulfamoyi group, a carbamoyl group, a cyano 
group, an acetyl group, a sulfonic group, a carboxyl group or a halogen atom, B is a moiety represented by the 
formula: 



or 




wherein, IVI Is the same as that described above, Nps Is a moiety represented by the formula: 

OH 




or 
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wherein M is the same as that described above. 

The trisazo compound according to claim 1 or 2, wherein said A"" is a group represented by the formula -COOIVI 
wherein M is the same as that described in claim 1 or 2. 

A trisazo compound having a structure represented by any one of the following formulae in the fomi of free acids: 
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SO3H 

wherein is a hydrogen atonn, a carboxyl group or a sulfonic group, R is each independently a hydrogen atonn, 
an alkyi group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atonns, a hydroxy! group, a 
sulfamoyl group, a carbannoyi group, a cyano group, an acetyl group, a sulfonic group, a carboxyl group or a 
halogen atom. 

A water-soluble dye which comprises the trisazo compound of any one of claims 1 to 4 in an amount of not less 
than 85% by weight. 

A process for producing the trisazo compound of claim 1 comprising the steps of: 
a1) diazotizing an aniline derivative represented by the formula: 



a2 




R 



wherein, A^ is a hydrogen atom or a group represented by the formula - COOM or -SO3M wherein M is each 
independently a hydrogen atom, ammonium, alkali metal, hydroxyammonium, alkylammonium or alkanolam- 
monium, R is each independently a hydrogen atom, an alkyI group having from 1 to 6 carbon atoms, an alkoxy 
group having from 1 to 6 carbon atoms, a hydroxyl group, a sulfamoyl group, a carbamoyl group, a cyano 
group, an acetyl group, a sulfonic group, a carboxyl group or a halogen atom; 

a2) subjecting the resulted diazotization product to alkaline coupling with a coupling component selected from 
the group consisting of yacid, J acid and RR acid to obtain a monoazointemnediate represented by the formula: 



a2 



H2N— Nps— N=N 




R 



wherein A^ and R are the same as those described above, and Nps is a residue of y acid, J acid, or RR acid; 
b1) diazotizing the monoazo intermediate; 

b2) subjecting the resulted diazotization product to acidic coupling with K acid to obtain a disazo intemnediate 
represented by the formula: 




SO3M 
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wherein M, A^, R and Nps are the same as those described above; 

c1 ) diazotizing an aniline derivative having a carboxyl group or a sulfonic group on its ortho position represented 
by the formula: 




R 



wherein A"" is a group represented by the formula -COOM or -SO3M wherein M is the same as that described 
above, and R is the same as that described above; and 

c2) subjecting the resulted diazotization product to alkaline coupling with the disazo intermediate resulted in 
step b2). 

A process for producing the trisazo compound of claim 1 comprising the steps of: 
a1) diazotizing an aniline derivative represented by the formula: 



a2 

R 

wherein, A^ is a hydrogen atom or a group represented by the formula - COOM or -SO3IVI wherein M is each 
independently a hydrogen atom, ammonium, alkali metal, hydroxy ammonium, alkylammonium or alkanolam- 
monium, R is each independently a hydrogen atom, an alkyi group having from 1 to 6 carbon atoms, an alkoxy 
group having from 1 to 6 carbon atoms, a hydroxyl group, a sulfamoyi group, a carbamoyl group, a cyano 
group, an acetyl group, a sulfonic group, a carboxyl group or a halogen atom; 

a2) subjecting the resulted diazotization product to alkaline coupling with a coupling component selected from 
the group consisting of yacid, J acid and RR acid to obtain a monoazointemnediate represented by the formula: 

HzN — Nps— N = N 

R 

wherein A^ and R are the same as those described above, and Nps is a residue of y acid, J acid, or RR acid; 
b1 ) diazotizing an aniline derivative having a carboxyl group or a sulfonic group on its ortho position represented 
by the formula: 




wherein A"" is a group represented by the formula -COOM or -SO3M wherein M is the same as that described 




25 



EP 1 306 411 A1 



above, and R is the same as that described above; and 

b2) subjecting the resulted diazotization product to acidic coupling with K acid to obtain anno noazo intemnediate 
represented by the fomnula: 

5 



10 




SO3M 

wherein A"" , R and M are the same as those described above; 
15 c1 diazotizing the monoazo intermediate resulted in step a2); and 

c2) subjecting the resulted diazotization product to alkaline coupling with the monoazo intermediate resulted 
in step b2). 

20 

25 
30 
35 
40 
45 
50 
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Fig. 1 

AN-25a 




wavelength (lun) 

Fig. 2 
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wavdengdi (tun) 
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Fig. 3 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig. 13 
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Fig. 14 
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Fig. 16 



a 

v 

M a 
J ? S 

lJ 1 


* i 

■ 

a 

N 

ft 


s 

a 
a 

'1 

J, J 










1 — r j 1 1 1 j 1 1 t 1 1 < • J 1 1 I 1 1 « • 1 
uo 9 € i i 0 

















JU 


I. J 


JVJV 


1 1 M 
>,7« 


'{ 1 1 1 ( 1 J t 1 4 
S.SO B.SS 


1 i 1 t i } 1 


1 1 1 j r f i J i ) 1 

7.50 7.25 



39 



EP 1 306 411 A1 



Fig. 17 
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Fig. 19 
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' Fig. 20 
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